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ABSTRACT 
Purpose: Previously it has been observed that, in well-trained 800-m athletes, max2OV  is 
not attained during middle-distance running events on a treadmill, even when a race type 
pacing strategy is adopted. Therefore, we investigated whether specialization in a 
particular running distance (400-m or 800-m)  influences the VO2  attained during running 
on a treadmill. Methods: Six 400-m and six 800-m running specialists participated in the 
study. A 400-m trial, along with a progressive test to determine max2OV , was completed in 
a counterbalanced order. Oxygen uptake attained during the 400-m trial was compared to 
examine the influence of specialist event. Results: A VO2  plateau was observed in all 
participants for the progressive test, demonstrating the attainment of max2OV . The max2OV  
values were 56.2 ± 4.7 and 69.3 ± 4.5 ml·kg-1·min-1 for the 400-m and 800-m event 
specialists, respectively (p = 0.0003). Duration for the 400-m trial was 55.1 ± 4.2 s and 
55.8 ± 2.3 s for the 400-m and 800-m event specialists, respectively. The VO2  response 
achieved was 93.1 ± 2.0% and 85.7 ± 3.0% of max2OV  for the 400-m and 800-m event 
specialists, respectively (p = 0.001). Conclusions: These results demonstrate that specialist 
running event does appear to influence the % max2OV  achieved in the 400-m trial, with the 
800-m specialists attaining a lower % max2OV  than the 400-m specialists. The 400-m 
specialists appear to compensate for a lower max2OV  by attaining a higher % max2OV during 
a 400-m trial. 
 
KEY WORDS: VO2 RESPONSE; ENERGETICS; AEROBIC CONTRIBUTION; 
TRACK ATHLETES; 400 M 
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INTRODUCTION 
Maximal oxygen uptake ( max2OV ) has been assumed to be of importance in determining 
the energetics of long sprints and middle-distance events, and as such, a useful parameter 
to assess performance capabilities in participants in 400-m and 800-m events.1 However, 
comparatively little is known about the oxygen uptake ( 2OV ) response to constant load 
exercise in the severe intensity ,2 which given a long enough duration can result in the 
attainment of max2OV .3 
Across all exercise intensity domains, studies have typically examined responses to 
cycling exercise in subjects who are not well-trained.4-10 Thus, it is rare to find a study 
where max2OV  of subjects is in excess of 60 ml·kg-1·min-1. Previous studies related to 
middle-distance running performance in highly trained athletes, for whom max2OV  would 
normally be in excess of 60 ml·kg-1·min-1,11 could potentially lead to misleading 
interpretations regarding the energetic of middle-distance running. 
The assumption that during severe intensity running max2OV will be attained, or at 
least that the 2OV  response will tend towards max2OV , has received some experimental 
support.12,13 However, the subjects in these studies were of limited aerobic fitness and such 
a response should not be assumed for well-trained middle-distance athletes. When well-
trained subjects have performed running of a duration and intensity comparable to long 
sprints and middle-distance events a different response is evident. In two separate studies, 
Spencer and colleagues noted that VO2max  is not attained.14,15 In one study, the VO2  
attained during a range of constant speed middle-distance running events was investigated, 
however, the event specialists only completed a trial in their specialist event (i.e., 800-m 
runners only ran an 800-m trial).14 There were also some methodological concerns with the 
studies of Spencer and colleagues.14,15 Firstly, an increasing gradient protocol was used to 
assess VO2max , which may not have been a valid index for the race pace runs that were 
performed. Secondly, in one of the studies, the treadmill speed was adjusted to replicate a 
race,15 so it is not clear whether the inability to achieve VO2max  was due to decreasing 
exercise intensity over time. We have, however, observed a similar 2OV  response even 
when these methodological concerns have been addressed.16-20 During genuine square 
wave transitions at a speed that led to exhaustion in approximately two minutes, we have 
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consistently shown VO2  to plateau some way below max2OV  and the plateau occurs after 
approximately 60 s of exercise in aerobically fit athletes.17 The data of Spencer et al14 
suggest that in a 400-m run performed by shorter distance event specialists, the VO2  
response may reach a submaximal plateau after only 35 s. 
Svedenhag and Sjödin11 have shown that VO2max  differs between athletes who 
specialise in different events. Runners specialising in the 400-m event typically have a 
lower VO2max  (63.7 ml·kg-1·min-1) than those specialising in the 800-m (68.8 ml·kg-1·min-
1) or both the 800-m and 1500-m (71.9 ml·kg-1·min-1) events. On this matter, it has also 
been confirmed that runners specialising in a shorter specialist event have a lower 
max2OV .21 Hence, if the % VO2max  attained during middle-distance running is a function of 
an event running specialist’s VO2max ,19 the data of Svedenhag and Sjödin11 would suggest 
that the potential effect of event running specialist is most likely to be apparent in the 400-
m event. 
The data of Spencer et al14 do not establish whether differences in % VO2max  
attained during treadmill middle-distance running were due to the differing specialist 
running event of the athletes. Therefore, the aim of the present study was to investigate the 
% VO2max  attained during 400 m running in 400-m and 800-m event specialists. In doing 
this, we hoped to establish the influence of specialist event on the 2OV  attained. 
 
METHODS 
 
Subjects 
Six male runners specialising in the 800-m event (age 24.8 ± 3.2 yr; height 1.79 ± 0.1 m; 
mass 68.3 ± 4.9 kg) with a seasonal best time of 111.8 ± 3.7 s for the 800 m (within 11% 
of the 101.11 s World Record) and six male runners specialising in the 400-m event (age 
21.3 ± 1.5 yr; height 1.78 ± 0.1 m; mass 74.5 ± 7.3 kg) with a seasonal best time of 50.6 ± 
0.7 s for the 400 m (within 18% of the 43.2 s World Record) volunteered to participate. All 
were well habituated with laboratory procedures in general and with motorised treadmill 
running in particular. Prior to participation, all subjects completed a health screening 
procedure and were fully informed of the nature of the study. Subjects then provided 
written consent to participate. The Institutions Research Ethics Committee approved all 
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procedures. 
 
Preliminary tests 
On a level motorised treadmill, all subjects initially completed a progressive speed ramped 
test (0.16 km·h-1 per 5 s) and a constant speed 400-m run. The progressive test allowed an 
appropriate starting speed to be selected for future progressive tests to ensure that 
exhaustion would be reached in ∼ 10 min for each subject.22 The 2OV  at which the gas 
exchange threshold occurred was determined by means of the v-slope method for each 
subject.23 The corresponding speed for this 2OV  was then determined from each subject’s 
2OV -running speed relationship, and used in the calculation of warm up speed for 
subsequent tests. The speed for the 400-m run was determined from each subject’s 
seasonal best times for the event. The time to exhaustion for the 400-m constant speed run 
was then compared to the subjects’ seasonal best times and, in cases where they differed, 
the speed was adjusted accordingly for future tests. 
 
Procedures 
Each subject completed a progressive test and a 400-m constant speed run. All tests were 
completed on a level motorised treadmill (Ergo ELG 70, Woodway, Weil and Rhein, 
Germany) in a counterbalanced order to control for order and carryover effects.  Subjects 
completed their own sequence of tests at the same time of day. All tests were completed 
within 14 days, with at least 48 hours between each test.  Each of the tests was preceded by 
a 5 min warm-up at 10% below the speed corresponding to each participant’s gas exchange 
threshold to control for the effects of prior exercise on the 2OV  response.6 
 
The speeds for the 400-m runs were based on the findings from the preliminary tests, 
adjusting the velocity in order to be maximal for the test. For each run, the motorised 
treadmill was set at the required speed and the experimenter initiated a 10-s countdown 
when the subject was ready to start the test. The subject stood astride the motorised 
treadmill belt and at the start of the countdown used the support rails to suspend his body 
above the belt while he developed cadence in his legs. The test officially started, and the 
first collection of expiration was initiated, when the subject released the support rails and 
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started running on the treadmill belt. Participants were encouraged to continue running for 
as long as possible in all tests. On this matter, we had previously knowledge that after 
adjusting the speed in 400-m trial from the preliminary tests, the volitional exhaustion 
would complete the full 400-m distance. 
 
Data Acquisition 
Oxygen uptake was determined every ~15 s during the ramp test and throughout the entire 
duration of the 400-m runs using a Douglas bag technique.19,24 A whole number of breaths 
was always collected, so the actual period was never greater than 20 s or less than 10 s. 
Douglas bags (Cranlea and Co., Birmingham, UK) were connected to a master valve to 
allow continuous sampling of expiration. Each 150 L bag was fitted with a two-way bag 
valve (Type 343, Georg Fischer, Switzerland) so that whilst the bags were connected to the 
master valve the subject’s expiration could be collected or the bags could be sealed and 
exchanged for another bag. 
 
Data Analysis 
A 30-s moving average was used to determine VO2max  and the highest VO2  attained (i.e., 
2peakOV ) during the 400-m run.19 The averaging always started with the final 15-s 
sampling period and moved back towards the start of the test. All tests were analysed at an 
alpha level of 0.05 and all data are presented as mean ± SD unless otherwise stated. The 
2peakOV  attained during each 400-m run was expressed as a percentage of the reference 
VO2max  value determined from the ramp test to give the % VO2max  attained. An 
independent sample t-test was used to assess if there was a difference in the % VO2max  
attained between the 400-m and 800-m event specialists for the 400-m constant speed run. 
 
RESULTS 
 
During the progressive test, a VO2 -plateau was evident in all participants. For the 800-m 
event running specialists, the mean value for VO2max , derived from the 30-s moving 
average approach, was 69.3 ± 4.5 ml·kg-1·min-1. The peak speed attained on the ramp test 
was 22.3 ± 0.8 km.h-1, compared to a speed of 25.8 ± 1.2 km·h-1 for the 400-m run. For the 
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400-m event running specialists, the mean value for VO2max , derived from the 30 s 
moving average approach, was 56.2 ± 4.7 ml·kg-1·min-1. The peak speed attained on the 
ramp test was 19.0 ± 1.4 km·h-1, compared to a speed of 26.1 ± 1.1 km·h-1 for the 400-m 
run. There were significant differences (p = 0.0003) in VO2max  between the 400-m and 
800-m event running specialists. 
In the 400-m and 800-m event running specialists, test duration was 55.1 ± 4.2 s, 
and 55.8 ± 2.3 s respectively for the 400-m run. The mean 2peakOV  for the 400-m and 800-
m event running specialist groups during the 400-m constant speed run was 52.8 ± 4.6 
ml.kg-1.min-1 and 59.4 ± 4.4 ml.kg-1.min-1, respectively. This resulted  in a mean % VO2max  
attained of 93.1 ± 2.0% and 85.7 ± 3.0% for the 400-m and 800-m event specialists, 
respectively. In Figure 1, the % VO2max  attained is presented for the 400-m and 800-m 
event running specialist groups. There was a statistically significant difference (p = 0.001) 
in the % VO2max  attained during the 400-m constant speed run between the 400-m and 
800-m event running specialists. 
 
INSERT FIGURE 1 ABOUT HERE 
 
DISCUSSION 
 
We investigated the influence of running specialist event (i.e., 400 m or 800 m) on the 
2OV  attained during treadmill running. Exercise intensity was manipulated, based on 
seasonal best performance times of subjects, to result in exhaustion at exactly 400-m. The 
800-m event specialists ran at an average speed of 25.8 km·h-1 (7.17 m·s-1) for 55.8 s, 
giving a test distance of 399.9 m. The 400-m event specialists ran at an average speed of 
26.1 km·h-1 (7.25 m·s-1) for 55.1 s, giving a test distance of 399.5 m. These results suggest 
that we were successful in determining the appropriate exercise intensity for treadmill 400-
m running performance. The 2OV  attained differed between 400-m and 800-m event 
specialists, where, relative to max2OV , a higher 2OV  was achieved by the 400 m event 
specialists (93% max2OV ) compared with the 800-m event specialists (86% max2OV ). 
The finding in the present study that 93% VO2max  can be attained during constant 
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speed 400 m running by 400-m event specialists with a VO2max  of 56 ml·kg-1·min-1 is 
similar to findings previously reported.14 These authors showed that ~ 98% VO2max  is 
attained during constant speed 400 m running by 400-m event specialists with a VO2max  of 
53 ml·kg-1·min-1. In contrast, it has been shown that ~89% VO2max  is attained during 
constant speed 400 m running by 400-m event specialists with a higher VO2max  of 59 
ml·kg-1·min-1.15 In the present study, 800-m event specialists were also required to 
complete a 400-m test, which showed that 800-m event specialists only attained 86% 
max2OV . 
The influence of event specialist was not addressed by Spencer et al14 or Spencer 
and Gastin15 since the event specialists completed only their preferred event.  Whether the 
difference in the % VO2max  attained during 400 m running between 400-m and 800-m 
event running specialists in the present study is due to the difference in VO2max  rather than 
some other difference in the characteristics of the 400-m and 800-m event specialist groups 
requires further investigation. Although we attempted to match the groups as closely as 
possible in relation to World record times in their respective events, it should be 
acknowledged that the 400-m group had relatively slower seasonal best times. Such a 
discrepancy between the group characteristics should be acknowledged as a further 
potential confounding influence on the findings, although the physiological characteristics 
of the athletes in each group were completely in accordance with the findings of 
Svedenhag and Sjödin11.  Models of middle-distance running performance may need 
revision to accommodate this relationship between specialist event and the % max2OV  
attained. 
It appears that over the closing stages of an exhaustive run at 400-m pace 2OV  
plateaus in 800-m specialists but continues to rise in 400-m specialists (Figure 1), 
suggesting that the overall kinetics of the 2OV  response may depend on the specialist 
event of the subject. It is unlikely that the 2OV  response to an exhaustive run at 400-m 
pace includes a slow component in subjects whose aerobic fitness is high. The 2OV  slow 
component has typically been reported to emerge after 80 to 110 s,3 although the studies on 
which this statement was based all involved exercise lasting at least 360 s. There are very 
few studies in which the 2OV  response has been modelled for exhaustive exercise lasting 
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120 s or less.2,9,10,17,25 The study by Hughson et al,2 examining untrained subjects cycling at 
~125% max2OV , used a two-component model that included an additional, slower 
component. The justification for this approach was based on smaller residuals of the model 
fit. The mean delay for the second (slow) component was 40.5 ± 17.5 s, suggesting that the 
slow component emerged somewhat earlier than has previously been reported for lower 
intensities. For cycling exercise at 105% max2OV , terminating after ~165 s, it was found 
that four of the seven subjects presented data that were better fit with a two component-
model.9 However, when cycling exercise at 105% max2OV  was examined in a different 
group of subjects (terminating after ~130 s), a mono-exponential model was found to better 
fit the data.10 However, it should also be noted that these studies have been conducted on 
cycle ergometer in relatively untrained subjects ( max2OV <52 ml·kg-1·min-1). In running 
exercise, both Draper and Wood17 and Carter et al25 used a mono-exponential model to 
describe the 2OV  response in aerobically fit runners (69 and 59 ml·kg-1·min-1, 
respectively). Again, the justification for this approach was based on examination of the 
residuals of the model fit with Carter et al25 reporting that fitting the data with a more 
complex three-component exponential model did not lead to a significantly better fit. 
Further research is required to definitively establish the influence of both exercise 
duration/intensity and aerobic fitness on when (if at all) the 2OV -slow component 
emerges, but available evidence suggests that a slow component is not evident in exercise 
leading to exhaustion in less than 120 s. 
For heavy intensity cycling, high aerobic fitness has been shown to be associated 
with a relatively high gain for the primary component and a relatively low gain for the 
slow component.26 Interestingly, Scheuermann and Barstow27 report that the difference 
between the predicted 2OV  (based on the below gas exchange threshold 2OV -work rate 
relationship) and the attained 2OV  (at the end of the primary phase of the 2OV  response) 
for exhaustive cycling lasting between 180 and 300 s is positively correlated with aerobic 
fitness. If it is accepted that the 2OV  response of aerobically fit subjects to exhaustive 
running lasting ~ 120 s or less is dominated by the primary component, the lower 
% max2OV  attained in the present study in the more aerobically fit 800-m event specialists 
(compared with the 400-m event specialists) is clearly consistent with these previous 
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findings.27 It therefore seems plausible that the VO2  response to exhaustive 400 m running 
is dominated by the primary component in 800-m specialists (whose aerobic fitness is 
high) but may include a discernable slow component in 400-m specialists (whose aerobic 
fitness is lower). 
Draper and Wood17 reported that in aerobically trained runners (mean VO2max  of 
69 ml·kg-1·min-1) the 2OV  response may be considerably quicker than that which has been 
reported in previous studies of treadmill running.7,28,29 For the mono-exponential response 
described, the time constant averaged 10.7 s, emerging after an average delay of 11.2 s, 
suggesting a complete response in ~54 s (i.e., delay + [4 x time constant]). More recently, 
Carter et al25 has also found that in reasonably aerobically fit subjects (mean VO2max  of 59 
ml·kg-1·min-1) exercising at 120% VO2max , the time constant averaged 12.5 s, emerging 
after no delay, suggesting a complete response in ~50 s. These findings are consistent with 
the observation of Scheuermann and Barstow27 that the time constant for the primary 
component of the 2OV  response is negatively correlated with VO2max , and explains why 
the 2OV  response of the 800-m specialists in the present study appeared to level off over 
the final seconds of the 400-m run (Figure 1). 
We chose to focus exclusively on the aerobic contribution to energy production 
during the 400-m trials.  Other authors have attempted to estimate the contribution of 
aerobic and anaerobic sources of energy.  For example, Newsholme et al (1994) suggested 
that in 400-m and 800-m events the mean aerobic contribution was 25% and 50%, 
respectively, and 75% and 50% from anaerobic sources (creatine phosphate and glycolysis) 
respectively.  Spencer and Gastin (2001) estimated a larger proportional aerobic 
contribution to the energy supply in the 400-m and 800-m events (43% and 66% 
respectively).  Our findings suggest that any estimates of aerobic energy contribution that 
assume that VO2max  is attained in the 400-m event might require reconsideration.  
Furthermore, 800-m event specialists might realise less of their maximal aerobic power 
than 400-m event specialists. 
 
Conclusion 
 
In conclusion, specialist running event influences the lack of attainment of max2OV  in well 
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trained aerobically fit runners. Specifically, specialist running event appears to influence 
the % max2OV  attained, such that 400-m event specialists attain a higher % max2OV  
compared with 800-m event specialists, which appears to compensate for their 
lower max2OV . These findings have implications for the energetic of middle-distance 
running, and models that attempt to predict performance in middle-distance running 
events. 
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Figure 1: % 2maxOV  attained during the constant speed 400 m run in 400 m (█) 
and 800 m (□) event specialists 
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Figure 1. David V. B. James et al 
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